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(57) Abstract 




A method and system for detecting nonftmctional inkr-Jets 
and compensating for the nonfunctional iiik-jets in an- i 
pintcr (54). The ink-jet prihtftr (54) iiidudes a printhiwi^^^ 
having a pluraUty of ink^cts ( 192). each ink-jet (19iy^^b^ 
assigned to print respective dots on a respective raster line of a 
recording medium in accpnian 

^en an ink-jet (192) is d^^ as being d^ifecdve* at leiast 
a portion of said print mask is r^laced witfi: a replac^ent . . 
mask (500) such that one or more of the rernaimng irik-j(pts 
(192) of the phiraUty of mk-j^^ 

ink-jet Tlie mediod includeis: detecting when an uik-jet (192) 
is nonfunctional; and when an ink-jet is determined to be 
nonfimctiohal, replacing at least a portioh of the print rhaisk ( 100) 
with a replacement mask (500) such tiiat one cff more of the. . 
remaining iii-jets (lW> of the plurality of 
for the nonfunctional ink-jet. In order to detect a nonfunctional element, e.g„ .an ink-jet, in the printhcad, the ink-jet printer system of 
the inventioi further includes: a switching power supply (80), coupled to the ink-jet printhead (44), for supplying power to the printhcad 
(44); an output capacitor ( 164), coupled to an output of the switching power supply (80), for storing a dc voltage therein; a bleed resistor 
(166) coupled in parallel to the ou^ut capacitor (164), for discharging cunwit from the output capacitor (164); an output shifting circidt 
(164, 166, 172 and 174), coupled to the switchmg power supply, for shifting the dc voltage level across the ou^ut capacitor (164) froin a 
low state to a high state; and a sensor (180). coupled to the output of the switching power supply (80), for detectirig wh«i die switching 
power supply (80) is switchUig, wherein an element of die printhead (44) is tested by measuring a test current dischar:ging from the output 
capacitor (164) when the element is activated and comparing the measured test current with a reference current which discliarges from the 
output capacitor (164) through the bleed resistor (166) where no element of the printhead (44) is activated. The method includes: supplyirig 
regulated power to the printhead (44); storing the regulated power in a ci^acitor (164) so as to provide a dc vottage across the capacitor, 
shifting the dc voltage level stoied in die capacitor (164) from a low state to a high state; measuring a test current discharging from the 
capacitor (164) when an element of the prindiead (44) is activated; measuring a reference current discharging from the capacitor (164) 
through a bleed resistor (166), when no elements <^ the printhead (44) are activated; and comparing the measured test current with the 
reference current. 
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INK JET PRINTER, METHOD AND SYSTEM COMPENSATING FOR NONFUNCTIONAL PRINT 
ELEMENTS 

Reirf of the Invention 

The invention relates to multi-pass ink-jet printing. More particularly, the invention relates to a method and 
S system for distecting one or moro^^^^^ thereafter compensafing for the one or more failed ink jets with 

the Ti^ainiiii^^^ 

pescriD tion of the Related Technology 

Multi-pass printing is a technkiue used to reduce band'vig in ink^jet printing. Dots of ink, when still in liquid 
to form, tend to run together due to suilace tension. This is referred to as coalescence. To print a high quality image 
it is important to print individual round dots. But to achieve full saturated colors, the dots must overlap to 
completely cover the paper: By only priming a portion of the image data so as tci^^voi^^^ simultaneotisly priming 
adjacent dots during each horizontal 
adjacencies, the transverse speed of the printing mechan^ two times the rated print speed 

Multi-pass printing is accomplished by flittering ihe image data using a print mask to determine which dots 
are to be printed in each swath. A swath is defined as a r^ion, or portion^ of a recording medium which is printed 
upon by a given port^^^^ piinthead car^^^^ ink jets, as the printhead 

: ; : jcanridgft pa i^ciirc^^ : !|}ie : s^trat^ successively advance^; through e^ch ; print: zone: : after ; each 

20 pass of the printhead and is partially: printed in each print zo^ The priming of a swath is completed after it has 
successively advanced through ea^^^ 

In multi-pass printing, each jet of a: printhead is assigned the role of ejecting ink, as necessary, onto pre- 
specffied areds or "dots' oii a raster Tiiie which is currently in the jet's respecthre print zone. However, a jet 
sometimes fails either due to being clogged or electrical problems in itis firing circuitry. When this occurs, the pre- 

25 specif ied areas which are assigned to the faBed jet m accordance with a respecthre jet mask« are not printed upon. 
Therefore, if one or more jets fail and ttehB are many areas in which intended ink drops are not deposited, the 
quality of the printed image may significantly suffer. 

Prior art methods haye with this; problem by utflinng auxajary jets in the printhead which are assigned 
the task of repiacing failed jets. However, this method is inefficient because these auxiliary jets are inactWe during 

30 periods when there are no jet failures. Therefore, the auxiliary jets represent printhead resources which are not fully 
utilized to their maximum potential. Additionally, in order to safeguard against situations in which multiple jets 
simultaneously fail, not just one but a bank of multiple auxiliary jets are sist aside in the printhead for taking the 
place of failed jets. Although printheads having multiple auxifiary printheads improve the refiability and quality of 
the images produced by the printer, these printheads are more costly, larger and, therefore, require more space in 

35 a printer than those printheads without auxfliary jets. 
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A basic premise of inic jet printers is that all ink jets must "fire" properly (Le., eject ink droplets) or the 
quality of the present image may be degraded. The detection of nonfunctional ink jets, otherwise referred to herein 
as "open jet detiection," is a method of deterinining which jets within a printhead cartridge are electrically 
nonfunctional. This electrical non^functionality can result from open traces, damaged drop ejectnn resistors, changed 
resistance values, or poor contact between the cartridge and a "flex circuit" which provides control signals to the 
cai iiiduf^ Aii 01 these errors may cause one or more jets of a printhead cartridge to not fire, or fire improperly, 
resulting in anomalies in the printed image; 

Defective jets can also result from clogged jet nozdes. Current open jet detection m^^^ unabte to 
electronically detect ctogged jets that are still electrically cpr^^^ by Wputing a prime printm^ 

using a printhead cartridgie under test, and pbs 

" M list pt defiectjyci or nonfunctional jets, otherw the^peji jerKt"^ 

nonfunctional jets in the respective printhead cartridge, B^ ijljiati^^ 

may be notified as to when a printhead cartridge has an unacceptable Jiqmber of nonfunctwnal jets. Additionally, 
prior art methods utilized this open jet list to compensate fw the nonfunction 
jets in the printhead cartridge. 

A common way of measuring current in a circuit is to measure the voltage across a rbsi$tdr in series with 
the circuit. Prior art methods of detecting nonfunctigna! jets ha^^^ 
printhead circuitry as one or more jets in a^p 

cartridges has four sets of 14 jets. Firing all the jets requires a sequence of 14 separate firings for the 14 jets in 
each set. During testing, only one jet in each set of jets is turned on at any instant in time. There is a resistor 
in series with each set of jets for each cartridge for a total of 16 series resistors. The voltage drop across a series 
resistor is due to a single jet firing. However, if no jet in that set is firing, the voltage drop will be zero. The 
voltage drop across each of the series resistors is typically connected through a diode to a common point and 
compared to a reference vohage. The output from the comparison is an indication of whether a jet is properly 
functioning. By firing each jet one at a time, it can be determined whether each one has electricarcontinuity. 

The above^described method becomes less desirable as the number of jets and, hence, the number of sets 
of jets, increases, necessitating an increase in the number of series resjstors. These series resistors wa energy, 
generate heat, waste board space and cost money. The prior art method also has limited functionality in that it only 
indicates that the current through a jet was greater than or less than some predetermined threshbid: This type of 
indication does not distinguish between the different types of problems which iiiay caiise an ink jet to misfire, or 
hot fire at aH. For example, the prior art method cannot distmgiiish between a shorted power Brie, a shorted address 
fine, or a damaged drop ejection resistor in an ink jet printhead. 
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Summary of the Invention 

The invention provides a^^^^^^ detects nonfunctional ink jets in 

a jet griDup and u^^^^^^ jet group to coiripbnsate f br tiie one or more faited jets in that jet 

BfouPf without the utilization of otherwise idlo^^^^^^ The method aiid system of the invention accompOshes 

tris task by assigning newr replacienient jet masks to the remaning jets of the jet group such that all areas^ or dots, 
on a respective raster Giie are accow^^^^ forming horizontally 

and vertically adjacent dots during a single pass of the pri^^ the recording medium. 

. In one^mbddi an ink jet printer 

includes: a: pnnt head ha vin^^^^^ 

iassigried to lirint resp^cthr^ idpfs i|n a res line pi: a recording med^ wherein the plurality of ink jets 

are divided into a plurality of jet groups, each jet group having at least one ink jet in each print zone; a plurality of 
jet grbiip nia^kl jet group mask 

aPocatei the piihting of ^^^^^^ and a 

replacement jet; group nriask wihib^^ 
IS jets^ wiiereih the t dots to the re^ of 
the jet group having^ As a resu^^^^ jets so as to of 

the jet group compensate for the one or ntpro jets, this in that jet group. In a preferred 

embodiment, the above-described system of the invention does not utilize auxiliary jets which are idle during times 
of normal b^^ 

20 In another embodiment, an ihkrjet printer includes: a prihthead having a plurialrty of ink jets, each mk jet 

being assigned to print respectwe dots on a respective raster fine of a recording medium in accordance whh a print 
mask, wherein when an ink jet is detected as being defecthric at least a portion of siaid print mask is replaced with 
a replacemeht print mask such that one or more of the remaining ink jets of the plurality of ink jets compensates 
f or the defectivo ink jet. In a pref eimd embodim atixiiiiairy jets 

25 which are idle during times of normal operation. Therefore, the resources of the printhiead are maximized. 

In a further embpdiine^^^^^^ in the printer described above, when ah ink jet in a jet group is detpcted as being 
non-functional during a printing process, the replacement jet masks assigned to the remaining functional ink jets in 
. that .jet group successhrely. replace the original jet .masks of. each, respective ink jet in.that.jet group one print. zone 
at a time, per pass of the printhead over the recording medium, so as to provide a gradual transition from the original 

30 jet group mask to the repliacem^ 

As described above, if one or more defective jets are detected during the printing process, the method and 
system of the invention successively updates the portions of the print mask corresponding to only one print zone at 
a time. For example, if a def ectwe jet is detected during printing, then prior to the next pass of the printhead over 
the recording medium, the jet masks corresponding to print zone 1 are updated and the printhead is then allowed 

35 to make another pass over the recording medium. Prior to the next pass, the jet masks corresponding to print zone 
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2 are updated, and so on. In this way, if a defective or nonfunctional jet is detected during the middle of a printing 
job, a smooth transition from the original jet group mask to the replacement jet group masked is achieved^^ 

In another embodiment in the printer described above, the plurality of replacement jet masks are 
sequentially numbered and assigned to respecth^e remaining functional ink jets of the first jet group based upon the 

5 print zone numbers of the remaining functional ink jets such that ascending replacement jet mask numbers correlate 
with ascending print zone numbers; and when said ffrst jet group is adjacent said second jet group, the plurality 
of replacement jet masks are assigned to respecthe remaining functional ink jets of the second jet group based on 
a rotation sclione such tha^^ order of assignmM pf tiie^ ^ masks to respectiye 

functional ink jets in the second jet group is rptated when compared to the order of assignment of the pkirajjty of 

10 replacement jet masks to respecthre functional ink jetl in the first jet group so^ as to; avoid the assignment of 
identical replacement jet miislcli to adjacent ink jets in tine pnnt zona: 

- - -THe-invehtibh furthe^^^^^ 

dots by foObwing a compensation scheme which avoUi the printMg of 

a single pass of the printhead oyer the recordbig medium. If ai^cent >ts; a 

15 assignment of the replacement masks to the remaining functional jets of a second jet iBfoup is. ro^^^^ siicfi that 
adjacent functional jets do not have identical replacement niasks. In this way/ vertical a^ minimteed. 

In yet another embodiment a method of compensating for nonfunctional ink jets in an ink; jet prihte^^^^ 
includes a printhead having a plurality of ink jets, each ink jet being a$^^^^^ respectiye dots on a resp^ 

raster line of a recording med^^^^ 

20 determined to be nonfunctional, replacing at least a pdilion of the prmt mask with a rep^cement print mask such 
that one or more of the remaining ink jets of the plurality of ink jets compensates for the nonf unctional ink Jet. In 
a preferred embodiment, the abovMescribed method^^ d^^^ which are idHe id^^^^^ 

normal operation, to compensate for f he one or more norifuhctiohal ink jets. Therefore, the resources of the 
printhead are maximized. 

25 the invention further provides significant advantages overthe prior art by providing a method and system 

for detecting nonfunctional elements in a ink jet printhead that does not require series resistive elements to measure 
current in the printhead. In the method and system of the invention, the current required to fire an ink jet is not 
measured by measuring the voltage drop across a series resistor, but rather, by measuring the discharge rate of an 
output capacitor connected to an output of a switching power supply as one or more elements of the printhead are 

30 activated. By measuring the discharge rate of the output capacitor after an ink jet has been fired, or after a power 
line to the ink jet has been turned on, or after an address line to the ink jet has been turned on, for example, and 
comparing this test discharge rate with ia reference discharge rate, the invention provides a very effective and 
accurate solution to the problem of determining whether there is a defective ink jet, a defectrae power line, or a 
defective address line, for example. Once such a determination is made, ^formation regarding a defecthre element 

35 of the printhead may be stored in memory. For example, if a ink jet is determined to be defecthre, its address may 
be included in the open jet fist described above which is stored in a memory of the ink jet printer. 



O 99/08875 



Page 7 of 59} 



WO99/08875 PCTAJS98/I6101 

S 

As used herein, the term "element" may refer to any component,.such as an ink jet, a power line, or an 
address line whhin a prinlhead cartridge, or any other compdhent within an ink jet prihthead cartridge. Additionally, 
when ah element is said to be "activated,* this term ihay refer to the turning: on of a power line or address fine, 
or the firing of an ink jet, or the turning on of any of the various other components in the ink jet printhead cartridge. 
5 As used herein, the terms "element" and "activate", and any combihatiiDh or conjugations thereof, should be given 
their ordinary broad meaning and scope. Additionally, unless othehvise indicated, the terms ''printhead** and 
^printhead cartridge" a re used synonymously and interchangeably. 

The jmprqyed detectipn rnethod and s takes for ppvyer supply 

capacitprs supplying power to one or more ink jet cailridges to di^^^^ of current, the average 

10 current supplied by the capa^ 

- • • 

l^^^ = C X 'j^ (1) 

average /frT* 

: whererc is the capacitanice of "the pp^^^ 

dT is tTie time measured for the ybliage change to bdcur. A ivvHcNihg power stippfy which suppGes power to the 
ink jet cartridges is enhanced to provide this measurement capaliiiity by the additidn of two functions; In a preferred 
enibodmrient, a first function increases the quiescent output voltage level by an ampunt equal to dV and thereafter, 

15 decreases the; quiescent voltage level to to intetruptits s witching 

operation until the output capacitor (C,) 106 discharges to its original quiescent levels. In other words, the switching 
power supply will temporally cease providing ah output pulse waveform until the output capacitor (C|) 106 discharges 
to. the original, teveis. A second function detects wheh the/switchihg.p^ after the 

voltage aa^^ the capacitors has decifeased to Hs origihar level In thi^ w^y/ the time req^^^^^ for the dutput 

20 capacitor to discharge an amount of current w^^^ equal: 
to dV can be measured. 

In order to detect clogged ink j0ts, the dcitectten nhethod and system of the invention can ajiso utilize the 
printing of a prime pattern. Thereafter, an operator can visually examine the prime pattern and determine which ink 
jets, if any, are nonfunctionai. The operator can then manually input the reference designation or address of each 
25 nonfunctional ink jet into the open jet list, for example. As described above, this open jet list may be used to update 
print masks stored within a memory of the ink jet printer, or notify the operator when a particular printhead cartridge 
has an unacceptable number of hdhfunctidnal ink jets. 

In one embodiment of the invention, an ink jet printer system for detecting a nonfunctional element in an 
ink jet printhead, includes: a switching power supply, coupled to the inkjet printhead, for supplying power to the 
30 printhead; an output capacitor, coupled to an output of the switching power supply, for storing a dc voltage therein; 
a bleed resistor, coupled in parallel to the output capacitor, for discharging current from the output capacitor; an 
output shifting circuit, coupled to the switching power supply, for shifting the dc voltage level across the output 
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capacitor between a low state and a high state; and a sensor, coupled to the output of the switching power supply, 
for detecting when the switching power supply is switching, wherein an element of the printhead is tested by 
measuring a test current discharging from the output capacitor when the eiemient is acthrated and comparing the 
measured test current with a reference current which discharges from the output capacitor through the bleed resistor 
5 when no elemem of the printhead is acthrated. 

In another embofment, an ink jet printer system for ctetecting ia hb^^^^ in an ink jet 

printhead, includes: means for suppjymg regulated power to the printhead; capa^^^^^ the means 

for supptying^ i^^^^^ ppyver, for storing ^ dc^y^ jfrpm the capacitor 

nieans; means fp^ 
10 (or measiwing 11 test curi?^^ 

and means for comparing the measure test current wfth a reference e^^^^ 

niearis thrdugh only ^ l - ■ " ----- - - - 

In a further embodiment/ a method of detecting a TO^ an ink jet printhead includes the 

acts of: supplying regulated power to the printhead; storing the regelated ppwer^m^^^^^^^ a 
15 dc voltage across the capacitor; shifting the dc voltage level stored inthe capacitor f rami a low state to a high state; 
measuring a test current discharging from the capacitor when an element of the priht^^^^ is ectivated; nrieasuring 
a reference current discharging from the capadtor through a bleed reslstonwhen no elements of the printhead are 
activated; and comparing the measured test current with the ref erenca current. 

20 Brief Description of the Drawinos 

Figure 1 is a block diagram of the components of an ink jet printer system. 
Figure 2 illustrates a pbrt»n of a print mask for a 104 jet prihthiead having 
to a six-pass multi-pass printing configuration. 

Figure 3 illustrates six jet masks corresponding to jet group J 2 of the print mask of F^ure 2. each jet 
25 mask co rrespqnding to a respective jet and a respective print zone. 

Figure 4 illustrates the dots on the raster line which are printed in each print zone in accordance with the 
six jet masks of jet group # 2 of Figure 3; as the raster line on the recording medium is successively advanced 
through each print zone. 

Figure 5 illustrates the printing configuration of successive swaths of a recording medium as the recording 
30 medium successively passes through the six print zones of the printhead of Figure 2 when using the print mask of 
Figure 2. 

Rgure 6 illustrates a first replacement jet group mask for a jet group which has one defective jet, in 
accordance with one embodiment of the invention. 

Rgure 7 illustrates a second replacement jet group mask for a first jet group which has two defective jets, 
35 in accordance with one embodiment of the invention. 
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Figure 8 Dlu^trates a third replace 

aiccttrddfticjd withi o^^^^^ 

Figure 9 illustrates si fourth replacement jet grbiip mask for a jet group which has four def ecthre jets, iri 
accordance with one embddimeii^ 
5 Figure 1 0 illustraf es the correlation between each of the six print zones ■ and each replacement jet mask of 

' the first replacemeht^^^^^ 

Figure 11 illustrates a portion of a print mask when jet 12 iii Jet group 12 is determined to be non- 
functional and jet group mask 12 has been replaced by the first replacement jet group mask of Figure 6. 

Figure 12 inustrates the printing configuration of successive swaths of a recording medium as the recording 
10 medium successWeiy passes thrQ^^^ the six print zones of the printhead of Figure 2 when using the print mask of 
Figure- 11. 

Ftgure 13 illustrates identical replacement jet masks assigned to ddiacent jet^.^w each print zone. 
Figure 14 illustrates the fi^^ 
in a round robin fashion to be utifizied on a second jet group; adjacent to the fjrs^ 
.15 Figure 15 liiustrate^ 

rotated version of the first replacement group mask as shown in Figure 14; assigned to a second jet group, 
adjacent the first jet group; in accordance wHh one emfiodM^ invention; 

Figure 16 inustrates a^^ 
m determi^ 
20 invention. 

Figure 17 iDustrates an ink jet matruc which exemplifies the relationship between each ink jet in an ink jet 
cartridge a nd their cdrrespdiidirig power lines and addifiess Tifies. 

Figure 18 is a response curve which illustrates e decrease iii voltage level across an output capacitor as 
the capacitor discharges. 

25 

Detailed DescriDtion of the Preferred Biibodiment 
The invention is described in detail below with reference to the figures. 

Referring, to Figure 1« various components of a typical ink jet printer 54 are illustrated. These various 
components include the control electroracs inside the ink jet printer 54 which are used to control ink droplet: ejection 

30 from the ink jets of a printhead cartridge 44 of a printhead carriage 42. A host computer 50 communicates with 
a processor 52 integral with the vik jet printer 54. The host computer 50 runs driver software which issues print 
commands and sends data to the ink jet printer. As in conventional ink jet printers, the processor 52 communicates 
with a display and keypad 56, memory 58, and drive circuits 60 which control the print carriage motor 62 and paper 
motor 63 as well as powering a fan 66. In addition, the processor 52 routes signals to print logic 70, which 

35 actuates the ink jets of each printhead cartridge 44 located within the printhead 42. The ink jet printer 54 further 
includes a switching power supply 80, coupled to the printhead cartridge 44 of the printhead carriage 42, which 
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provides power to fire each Individual ink jet of the cartridge 44. The system comprising the swfitching power supply 
80 and thiB printhead cartridge 44, coupled to the outputof the power supply 80, is describied in further detail below 
with feferehra to figure 16. 

The processor 52, in accordance with internal firmware stored in a portion of the memory 58, selectively 
ejects kik droplets from the ink jets of each cartridge 44. The programming of the processor thus determines which 
irm jet of iiie jiriiithead camidge 44 is assigned to be used to eject an ink droplet onto any given grid location of 
the printed image when the relevant swrth being printed calls for a droplet at fl^ In multi-pass 

printing, for example, the set of noole to grid location alignments is cpihmpn^ a print mask, and 

the print mask defjnition is stored in memory 58 in the ink jet printer 54. 'riie function and operation of a print 
mask is dgscribpd HI funhe^^ 

"^^srrina *o Figure Z one example of a print mask 100 having six print zones 102a.fi and 17 individual 
jet masks 1041within each.print.20he 102a.f (for. a total of -T02 ifidiwduai jet m^ A separate 

print mask 100 is defined for each print-mode (number of passes) supported by the device and is used^ unchanged, 
throughout the processing and printing of an image. The print mask tOO Uiiade u^o^^^^^^ 
that detemine the dots fired by each jet of a printhead. These individua)?|et^^ 
adjacent jets on the printhead do not print horizontally or to^^ 
printhead across the recording medium. As described above, by avoiding horizdittal and vertical 
anomalies and distorti^ caused by the coalescence of adjacent dots are Subsidntibly^^ reduced, 
in PiflUre 2; the indiy^^ 

number of passes for which that print mask was designed. A set of jets having one jet from each zone makes up 
a complementary jet group. Jet masks for each jet in a jet group make up a jet group mask. For example, jet mask 
no.'S 2. 19, 36, 53. 70 and 87 make up jet group mask no. 2. Figure 4 ilhistrates one embodiment of jet group 
mask ho. 2 which includes the six jet masks 2. 19, 36, 53. 70 and 87. These six jet mask? 2. 19. 36. 53, 70 and 
87 correspond to the six print zones 1, 2, 3, 4, 5 and 6, respectively. 

During printing, each print zone 102a-f prints a swath of the recording medium. Referring again to Figure 
2, a swath may be defined as the set of seventeen vertically adjacent raster lines on the recording medium within 
each respective print zone. However, it is understood that the invention is not Gmhed by any specific number of 
raster Enes in a swath or jet masks in a given pr'mt zone. Different embodiments are envisioned which contain 
different numbers of raster ines per swath and/or jet masks per print zone. 

Referring to Figure 4, each jet mask 2. 19. 36, 53, 70 and 87 of the jet group mask of Figure 3 is 
illustrated within hs corresponding print zone 1-6. Each raster line in a swath is printed by a single jet group with 
the work being shared between the members of that jet group. For exampte, during a first pass of the printhead 
over the recording medhim, a swath of the recordmg medium b in print zone #1 and the second jet of the prmthead 
belonging to jet group 2, prints dots on a corresponding second raster fine 302 of the swath in accordance with jet 
mask 2 of figure 3. Figure 4 further illustrates the aPocathin of dots on a single raster line 302 in accordance with 
jet masks 2. 19. 36, 53, 70 and 87 of jet group mask 2. as the single raster lino 302 advances through each print 
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zone 1-6. As shown in Figure 4^ jet mask 2 indicates which dots on the. second raster line that jet 2 is responsible 
for pnnting. if this ima^ \s responsible for, this dot 

is printed during the first pass of the printhead over the swath when^^'rt^^ in print zone 1, 

After printing the swath in print zone 1, the recording media is advanced by an amount equal to the size 
5 of one zone such that the swath is now in print zone Z When the swath is in print zone 2, the second raster line 
302 is aligned with a jet of the printhead which is a member of jet group 2« In print zone 2/ the second raster line 
302, which has been partially printed upon by the second jet when it was in print zone 1, is now printed upon, as 
necessary, by the nineteenth jet of the printhead during a second pass of the printheadj over the recording medium. 
As discussed above, the ninete^^ and its cprresppnding jet mask 19 is the next member of jet group 2 which 
10 is responsibly for print jitg the second raster line 302 in the swath. Jet mask 19 allocates which dots are printed 
by the nirietiBenth jet. 

After printing the swath in print zone 2/ the rebdridi^^^^^^^ 
to the size of one zone such that the swath is now in print zone 3^ In print zone 3^^ is 
aligned with ai 36th jet of the pririthead and is priiit^^^^ in accordance with jet 

.15 ; mask: 36i: 

the abdye-descnbed process ii repeated tm^^^ Itl^^si^ beeh p^^^ iiponi in eaich print zone. As 

shown in Bgufe^/ after the sw each of thia 

six print zimeS/ ia|^ dpU of ^e raster bie 301 arj^ ajc^unt^fqr,^^ A "dot^ refers to any 

area :pf: any :$li^ 

20 Figure 5 illustrates adjacent swaths of a recording: mdim various stages of a six- 

pass (hence, six zone) printing process, the configuratibnpf .dpts on the. recordihg medium represents all the dots 
whicb may be printed m a ghreii zone plus all previous zoiles. In the example, shbwh, the imiage to be printed on 
the recording medium IS a soRd ima^e, otherwise kiibwh as a "color fill/ covering the entire printable surface area. 
As shown in Figure 5, each dot is within a square box which represents the area on the recording medium which 

25 is intended to be covered by the dot of ink. However, it is understood that these square boxes are illustrated merely 
for purposes of distinguishing the different areas or '^dots^ oh the recording medium not visibte on the actual 
recording medium. It is further understood/ that the dots printed on the recording medhim may have overlapping 
areas such that there are. no spaces between adjacent dots if a soUd images or fuH "cplqr-fiir is desired. 

Open jet compensation \s a modification to the multirpass printing method described above, which allows 

30 for the use of information regarding defective or non*functidnal jets to dynamically modify the priiit masks of a 
printhead to compensate for the non-functional jets. This type of compensation scheme typically results in minimal 
degradation in print quality and no degradation in printing speed when there are relatively few defective jets in each 
jet group. Although the following discussion focuses on a printhead configured for six-pass mode printing in six print 
zones, and having seventeen jet groups, each jet group having one jet in each print zone, it is understood that the 

35 invention may be implemented in printers having printheads with different numbers of print zones, jet groups and jets 
in each jet group. 
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If a jet group contains defective jets, the jet masks for the entire group are replaced with a replacement 
jet group mask that is appropriate for the number of functional jets remaihing in that group. In one embodiment, 
"''*'™'''" Therefore, replacement jet group masks have been defined for 2, 

^' ^ ^ j"*""!"^'"'"?- These replacement jet group masks take the responsibility of firing dots away from the 
5 def ecth« jets and assigns the responsibility for printing the entire raiter bie to the remaining functional jets within 
that jet groupi 

Defective jets can result from open traces, damaged drop ejection; resistors, changed resistance values, or 
poor cont9Ct betwem thi c^rtldg^ and the "flex cifcuit' wWch provides control signals to the cartridge. As 
discussed ehove, defective jets can also result from clogged jet nozdes. AO of these errors win cause a jet or jets 
10 not to fire, resulting in enomafies in the prbited image. The ihyention may utifize any weltkhown method or system 
•^^"*""fl ll^ective iott^m After one of iiiore jets have beeii determiried to lie hbh fiiiictidhai, e 

: : : ^H^**: 

necessary to update the P*«^skf of the respecthw:^^^^ 
1 5 ifnPfpved metliod ami «y^ 

ietf cpnipensi^te f^ i"^**^^^ 
detection method and system is descrbed in greater detail be^^^ 

Refep^ingw Figure 6, asa^^^ 
replacement jet groHpiBi^ 

20 0^ the entire raster line to the five remaining, functional jets of the jet group. The first replacement jet group mask 
500 includes individual replacement jet masks 501-505. When one of six jets in a jet group fails, that jet Is diut 
completely masked, and the original jet masks for the remainihg five functional jets of that jet group are 
f epiaced by the replacement jet masks 501-505. 

For example, if a first jet corresponding to the first print rone has been determined to be non-functional. 

25 the first jet in the first print zone is sknply turned off, or completely masked, such that it emits no ink, and 
replacement jet masks 501-505 are assigned to the remaining jets of that jet group. In one embodiment, the 
replacement jet masks 501-505 are assigned to the remaining jets such that replacement jet masks 501-505 are 
assigned to the remaining functional jets for that jet group by order of ascending print zone numbers for eacti 
remaining functional jet. If the jet corresponding to print zone 1 has faHed, then the first functional jet, by order 

30 of ascending prmt zones, is the jet iii print zone 2 for that rieispective jet group. Therefore, replacemem mask 501 
is ass'Qhed to that jet in print zone 2. Similarly, the replacement mesk 502 is assigned to the jet in print zone 3 
for that respective jet group, and replacement mask 503 is assigned to the jet in print zone 4, aiid so on. 

However, if the non-functional jet was determined to be in print zone 3, for example, the first functwnal 
jet would be that corresponding to print zone 1. Therefore, replacement mask 501 would be assigned to the 

35 respecthre jet for that jet group in print zone 1. replacement mask 502 would be assigned to the respective jet in 
print zone 2, and replacement mask 503 would be assigned to the respecthre jet in print zone 4, and so on. 
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As shown in Rgure 6, by replacing the original jet group mask with the first replacement jet group mask 
500^ when a jet of a jet group is rfetertnine^ for the non- 

functional jet is allocated among the r^ainm^ having no 

dots unaccounted for, may stiil be produced by that jet group. 
5 Referring to Figure 7, a second replacement non-functional 

jets is illustrated, the second set of ri^l^^^ each 
corresponding to one of the four remaining jets for Similar to the allocation scheme described above 

with reference to Figure 6, the replacement masks 601^604 are allocated the remaining functional jets by order 
of ascending print zone numbers. If^pr e^^ zones 1 and 4, the first 

10 functional jet would be that in print zone 1 Therefore/ replacement mask 60 1 would be assigned to that jet in print 
zone 2/ replacement mask 602 vybiild be assigned to the corresponding jet in print zone 3, replacement mask 603 
would be assigned to the Cdrresponding jet in print zone 5 and replacement mask would be assigned to the 
cbrrespondiiig jet in print zone 6. As shown in Figure 7r the replacemenl: ra^ the f oiir remaining 

. functional Jets of a jet group having two ndn<=functlipna^ dots 

^5-'^^'■.•-' iitii .:'.:;:::.:;:^:/..:.:.::\::':..;....:rr^ 

Figure 8 illustrates a thirjd :replacement jet group mask 7bp for a jbt group haying three non-functional jets, 
the thnrd set of replacemieiit mbski 7d6 b^ to the three 

remami^ jjPits of a jfsj- group de^^^^^ In one embodiment, the 

rep|lacement mas ; vara Mffined to the rip^i^ qrder qf asceniAjnt ppt : : ZfmB : : numbers^ as 

20 discussed above with reference to Figures 6 and 7. ks shbwh in Figurie t,^^^^ 701-703 allow 

the remaining jets of a jet group, having three non-functional jets, to print a complete raster line 704, with no dots 
unatcpunted for. 

Figure 9 illustrates a fourth s«t of replacement a jet gribup having four hoh-functional jets. 

Thefourthset of replacement masks 800 indudes replacemem masks 801 and 802, whi^^ are allocated to the two 
25 remaining functional jets of a jet group determined to have four non-f uiictional jets. In one embodiment^ the 
replacement masks 801 and 802 are assigned to the remaining jets by order oif ascending print zone numbers, as 
discussed above with reference to Hgures 6, 7 and 8. As shown in Figure 9, the replacement masks 801 and 802 
allow the remaining jets of a jet group, having four nonrfunctional jets, to prim a comple^^^ raster line 803, with no 
dots unaccounted for. 

30 In order minimize coalescence and to maintain fuir speed printing, horizontally adjacent dots are avoided in 

the design of all the replacement jet masks. For this reason, at least two jets in each jet group should remain 
functional for the above-described replacement scheme to avoid the simultaneous printing of horizontally adjacent 
dots. As described above, the simultaneous printing of adjacent dots often results in coalescence and a degradation 
in printing quality. Therefore, in one embodiment, if there are less than two functioning jets in any jet group, the 

35 operator is instructed to use a print mode with more passes or to replace the print cartridge. 
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Figure TO iOustrates the replaw^ of the first replay 500 assigned 

tb the rematnihg jets of a>t gro nort-functional jet each rernaming; jet ^^^^^^^^ 

As shown in Figure 9, the defective;bf hdn^^^ is Idtated in print zone 1/ tte^^^ in print zone 

1 is completely masked, or turned of f, such that no dots are fired ontd a respective rasterlme of a recording medium 
5 in print zone 1. As the recording medium (e.g., a sheet of paper) advances under the printhead in the direction of 
arrows 902, the raster fine advances to the next print zone and the next jet in the respective jet groiip may print 
dots on the raster line in accordance with the replacement jet masic 501. As the recording medium continues to 
advance in the direction of the arrows 902, the raster Gne successWeiy passes through each of the priiit zorles and 
the successive jets of the respectiye jet group print dots on the raster line iri accordance with their respective 
10 feplacement masks; 5^^ print zpnes^ each dot; 

or designated printing area; on thfii raster fine is accounted for/ a> shown byi the cpmpleted raster line 506. 

— Figitre I t shows a bortion of a print maslc^^ h^^ 

as^gned to jet igrptip 12 becauise jcit^ group 1:2 has lieeni Note that jet 

1i2^ |n,print::Zone 1, of >t grp^^^ :therefore,.not rosponsible for printin^^ on 

15 its respective riaster line. The renialnmg jets 29, 46, 6i3> 80 and 97 of jet group 12 fta^ 
masks 501, 502/503^ 5^^^^ 

Figure 12 illustrate^ ac^^ 

a six^zpne pr|rit^^^ assgnpd t^ 12. 

Note that raster lin^ cprresppirtii^ tKo noh^f uribtipnal let 1^ in print zprie 1^ 
20 on it. Howeyer/as this raster Tine advances through each of the successive stages/ it will be completety "filled in'' 
with dots. As shown in Figure 12, after raster line 12 has completed printing in print zone 6, all of the dots of the 
raster line are filled in. 

In Figure 12, the configuration of dots on the recording medium represents all the dots which may be 
printed in a given print zone plus all previous print zones. In other words, in the example sho wn, the image to be 

25 printed on the recording medium is a solid block of ink covering the entire print able^urf ace area, otheiryvise referred 
to as a color fill As shown in Figure 12, each dot is within a square box Which represents the area on the 
recording medium which is intended to be covered by the dot of ink. However, these square boxes are illustrated 
merely for the purpose of distingui^^^ areas on the recording medium and are not necessanly visible 

on the actual recording medium. Furthermore, the dots printed on the recording medium may have pverlapping areas 

30 such that there are no spaces between: adjacem dots if a solid image: U 

For a ghreri number of non-functbnal jets in a jet group, the samo set of replacement masks, corresponding 
tP that number of hPn-functidnal jets, is used regardless of which jet in the jet group is identified as defective: As 
shown in Hgure 11, when replacement masks are applied to the overall default print mask for the entire printhead, 
some vertical adjacencies will occur. The occurrence of these vertical adjacencies is infrequent and results in minimal 

35 quality degradation. 
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However if jets, in aiQacent jet groups, are identified as defecfnre, identical replacement jet masks would 
be used: fori adjabent jets in print zones w^^ riemalninp: fiihG^ of eacit of the adjacent jet 

grbtips. Figure 13 flliistrates thisi use of idehfical reiplabei^^^ jet ii^aslcf f d eacli liaving one 

defective jet. Ttie first set of replacenient jet masks 500 of Fq groups. 
5 As shown in Figure 13« adjacent reniaining fun both jet groups would- produce a significant number 

of yertipailiy d^^^ in coalescence ani, 

conseqiientty/signiHficant priilt quality degriadatiflin. 

In order to avoid using,^^^ a rotation scheme is 

used for the placement of the^^^^^^^^ For example^ if a jet f a^ then the replacement 

TO jet masks 501 505 (Fig. 6) are successivel^^^ to the remaining tunctiohal jets q^^^^^ order 501« 

502, 503i 504 and 505. Each reptac^ent m^^^ 501-505 is assigrted to Its reiipective jet by order of ascending 
print zone number/as described above. If a jet also fails in jet group Z the replacemen|,masks 501-505 are rotated 
such that they are appfied to the remaining functional jets of jet group 2 in the order 502, 503, 504, 505 and then 
501. This rotation process is repeated each time another jet in an another adjacent jet group, e.g., jet group 3, is 
15 determined to be nbn-fiinctidnah thie inieKt rqtatidn wq in the order 

;5lj3,:5(W^^^ and;then 502, ;r 

Figure 14 illustrates the first set of replacement masks 5dd^^^ 
rotated once suc^^^ iOjllMS/arcl::^^ jets 

20 one which is applied to the remaining functional jet in the lovvest print zone, replacf^meht mdsik 5ti is applied to 
the functional jet in the next lowest print zone and so on. Replacement liiask 501 is iiow tlie last repliacement mask 

By rdtaiihg the order of the replacement masks when there are noh-fuhctibhiBi jets in adjacent jet groupis, 
vertical adjacenctes are minimized and print quafity is maximized even when there are many defectwe jqts in a prmt 

25 cartridge. Referrmg to Figure 1 5, a first jet 130 t»f a first jet group is ndn-functipnal and a second jet 132 of a 
second, adjacent |et group is ajsonon functional the replacement Jet masks 501-5^^^^ applied to the edjacent 
jet groups using the rotation scheme described above. In print zone Z, replacement mask 501 is applied to a first 
remaining functional jet of the first jet group, while replacement mask 502 is applied to a second remaining functional 
jet, adjacent to the first remaining jet, of the second jet group. Thus, there are no vertical adjacencies between the 

30 dots printed by the remaining functional jets in print zone 1. Similarly, in each of the other priiit zones 3-6 there 
are no identical replacement masks for iadjacent jets, and hence, no verticial adjacencies. 

If new defective jets are detected in the middle of a plot, a firmware a^orithm, which updates one print 
zone of the print mask per pass of the printhead, allows for the smooth transition to open jet compensation. Print 
zone 1 always prints on an unprinted swath of the recording media. Print zone 2 always overprints the region 

35 printed by zone 1 and must use jet masks that correspond to the ones used by zone 1 in the previous pass of the 
printhead, etc. If a new defective jet is detected in the middle of printing job, on|y the jet masks corresponding to 
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print zone 1 are updated for the next pass of the printhead. After completion of that pass, the jet masks 
cdrrespdhding to print zdiie 2 are updated but the Jet masks corresponding to the remaining zones are left unchanged. 
™* a'' tlie zofias h|iye hew ascending 

print zone numbers. In this way, a corresponding raster Ime which has been successfully printed in a print zone, 
prior to the faihire of the defective jet, completes its subsequent stages in any subsequent print zones in accordance 
whh the original jjrt rnaiiks to the rtf^^^^^ group reutpoRsible for p that raster line. 

The folowing describes an improved detection metind and system for detecting nenfunctional ink jets, or 
other dements, in an tak jet printhead^ vyhi^ is utized in a pn^erred ernlmdiroent of the Invention. However, h is 
understood that tlie iitvenfl^^^ 

detection methpijamds^^OT which isl^ 

CoupM to yhe mductqr (^^ vvithi ther output indurto^ a 

low-pass fiher for the output of ttie sw««*ihg p^ thrwitput (Vy of the 

switching power supply 80 is a piiMe square wave having a pwiod t. f he iow'pass fih^^^^^ the inductor 

(Lv) .162 and the output capacitor (Ci) 164, converts this output pulse square wave into a de output voltage (Vj) 
which is stored in the output capacitor; (G,}' 164. An output 'Titeed- 'resistor ilt,) 16a » coupled in parallel vwth the 
output capacitor (C,) l Wi: and proWdM^ 

rate which is inversely proportional to the value of the resistance of ^t bleed fesister (R,) 186. Switchihg; power 
supplies and bw pass output filters such as those described above, and their prmciples of operation, are weH-known 
ill the art. Therefore, a detailed discussion of the function and operation of the switching power supjily 80 and the 
low-pass output fiher, comprising the mductor d,) 162 and the capacitor (C,) 164, is not provided here. 

"f''^' ^0"'«<e the output vohage V,„ of the switchihg power supply 80 and hence, the dc output 
voltage Vc present on the capacitor |C,) 164* a feedback circuit is coupled 

power supply 80. "nie feedback circuit includes a resistor divider network coupled in parallel to the capacitor (C,) 
164. whKh dhrides the dc output voltage (Vj) into a desired feedback voltage (Vfe) which is then applied to the 
feedback Port of the switching power supply 80. The feedback network consists of a second resister (Rj) 168 and 
a third resistor (R,) 170. As is welikhown in the electronics arts, the magnHude of {VfJ is related to the values 
of Ve, R, and Rj by the following equation: 



In order to regulate the dc output voltage (Vd, the feedback voHage (V„), which is directly proportional to 
the dc output voltage (VJ, is compared to a reference vohage (V«,) to determine whether the output voltage IVcJ 
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is within a desired voltage range* The reference voltage (V|^) is provided by a reference capacitor (C,) 176 which 
is connected in series wh^ 

source (Virout) of the svyitchiiig power supply 80/ the switching power ^ the low-pass fiher comp^^^ 

182 and (Ct) 164r the voftage-dhrMer resistor ne^^^ 

scheme brief ly described above^ are well-known in the art and; therefore; need not be further described herein. The 
switching poWer supply 80 may be any commercially avail^^^^ which can provide the desired regulated 

dc output voltiage tVc). In one embbdimeint/ the deseed outp and the values 

of the various above*d]eisc idiscrete CQmpanent$ primded: 1(1 the f olhnving i table: 



:10:::;;.::.:--;::\-: :::.;R3:::. •.;:R4':;: . • Cj'. "Rs' 

XO/M 40Pijirf= 1KQ 1.65KQ IKQ 100KQ 2.2^F 30KQ 



■■; -.. ■ : ■.. ■ ' ..• . 

Coupled to the dc regulated output voltage (Vc) of the switching power supply 80 js the printhead cartridge 
44 of Figure T having eight power lines PyPf Eaph power One PfPe is activated by a corresponding switch 190 
15 which provides electrical connect^^^^^^^ respective 
ink jet 192. Each of the ink jets li92 are further cqupled to a respective address fihe AvA^ each of vyhich are 
"turned on" by a riespective switch 194 which opens and closes to provide etectricarc^^^ 
ground and each of the ink jets 192v In one embodiment each of the switches 190 and:i94 corresponding to the 
power: Briiwiandth 

20 As shown iii Figure 16, each power line P^^Pb hai asisoci^^^^^ 13 ink jets 192. Each of the 13 

ink jets 192 for each power line P^Pb is coupled to a respective address line ArA^s, provMing a total of 104 (8x13) 
iiik jets 192. In order to "fire' an ink jet 192, its correspibhdirig power line and dddresifm^ muin be simultaneoudy 
turned dn so ias to provUe a conduction path from the dc regulated output voltage (Vt) o^t>i6 P<>vi/er supply 80 to 
electrical ground, thereby closing the circuit for the respective ink jet 192. For exampie, ?f ft is tjesired to F^^^ 

25 jet 192a as shown in Figure 16^ the switch 190 corresponding to power line 1 (Pi) must be closed as well as the 
switch 194 corresponding to address liiie 3 (AJ. Only theri. wiil the ink jet T92e be caused to fire. As described 
above, the switches 190 corresponding to the power lines PrPa and the switches 194 corresponding to the address 
lines A|-A|3 may be b'pDiar NPN transistors which are acthrated by providing a specified current to their bases. 
However, other types of transistors and/or switches may be used to activate the respectwe power or address lines, 

30 in eccbrdahce with the mventioh^ 

Referring to F^ure 17, an ink jet matrix 44a, corresponding to the printhead cartridge 44 of Figure 16, is 
illustrated. The ink jet matrix 44a illustrates the relationship between each ink jet 192 and its corresponding power 
and address lines. Each of the power Gnes P|-Pb is turned on and off depending on whether an ink jet 19^ 
corresponding to the respectWe power fine is desired to be fired. Similarly, each of the address lines A, Ai3 is turned 

35 on and off depending on whether an ink jet 192 corresponding to the respective address line is desired to be fired. 
Figure 17 further illustrates that, in order to fire ink jet 192a, for example, the switch 190 corresponding to power 
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line Pi and the switch 194 corresponding to the address line A) must both be closed so as to provide a closed 
electrical circuit from the dc output of the power supply to electrical ground for that particular ink jet. 

Figure 17 is not an electrical circuit schematic diagram, but rather, an illustration of the correspondence 
between a power line and an address line for each respective ink jet 192. Furthermore, the ink jets 192 are not 
necessarily arranged on a printhead cartridge 44 (Figure 1) In a matrix configuration as shown in Figure 17. Nor 
are the ink jets 192 directly coniiiected to adjacent ink jets 192 as suiggested by Figure 17. Rather, in a preferred 
embodiment, each ink jet 192 is Ind^endently coupled to its respect'nre power and address fine such that the firing 
of one ink jet does not affect the firing of an a^^^ jet. As shpwii in Figure 17, eadi p^^^ fines PyP^ 

is coupled to the dp output of the swhchm^ 16, Cprrespondingly, e^^^^ 

lines ArAia is cqupred to grouni In one embodff^ent^ eei^ printhead cartridge 44 incjudes its own separate and 
independent power lines PvPfi- Kowi^^^^ 
- whhin^ priitthead icerriage 42 as shown in Figure 1 7, eacb^of the^drwi line 

continue on tdtwerd the next pii^ 

:Referr|ng|: once again tp I^guri^: 16, the ppra 
resistor (R4);i72 and a p^^^ 

the piiNpWP » p bqiibl^^^^ the pulj-dc^^ 172 and 

the pulldown switch 174 are cpiiided to the voltaged^ider resistor tietwork i^ connected in parallel 

with the thM^^ 

The regulated dc output yqJtiage (V^ 
and thereby pulling down the magnitude of the feedback voltage (V^e) which is applied to the feedback port (FBI of 
the switching power supply 80. By turning on the transistor 174, an electrical conduction path is provided between 
the pull down resistor (R4) 172 and the circuit ground, thereby effectively adding the pull down resistor (R4) 172 
in parallel with the third resistor (R3) 170 of the voltage-divider resistor network. By adding the pull down resistor 
(R4) 172 in parallel with the third resistor (R^ 170, the effective feedback resistance (Rfb) is decreased. The value 
of the effective feedback resistance (Rf^) is goverried b^^^^ 




Because the feedback voltage (Vn) is directly proportbnal to the effective feedback resistance (Rfb), a 
decrease in (RfJ leads to a proportional decrease in (Vpe). When the feedback voltage (Vfb) is decreased by turning 
on the pull-down transistor 174, thereby decreasing the feedback resistance R^b, the switching power supply 80 
compensates for this decrease in feedback voltage by increasing the regulated dc output voltage (Vc). The switching 
power supply does this by increasing its "switching duty cycle,' Le., providing a longer pulse waveform to the low- 
pass filter comprising the output inductor (LI) 162 and the output capacitor (C,) 164. The pulse square wave begins 
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charging the output capacitor (C|) 164, thereby raising the vohage level (Vc): across the capad^ (C,) 164. The 
switching power supply 80 cdntihues to provide th^ filter until the 

regulated Qutput v^ (Vc) is stabilized at a hW The output voltage (Vc) increases until the 

directly propbrtibhal feedback vpltage (Vf^) reabhes its previous voltagfli»vels prior to the pull down transistor 174 
5 being turned on. At this point, the regulated output voltage (Vi^ becomes^ s^^^^^ the 
switchirig pow^r s^ 

After the regulated dc output voltage (V^ has been elevated to its new voltage level; it may then be 
decreased to its original voltage level by turning off the transistor 1 74. By turning off the transistor 174 the 
effective feedback resistance once again resumes it^ higher yalue^ w the resistance of third 

10 resistpr (R3) 170. This In turn increases the feedbacks ^y^^^^ to the switching power 

supply 80 that the output voltage level (V J is too high. At this point, the power supply 80 is libt providing e piiise 
waveform to the low-pass filt$r, and therefbrerthe vdltaige a^^^ capiic^dr (C|) 164 Is decreiasirig ais 

current discharges from the capacitor (C,): 164^ When no ink jets 192 e (^.p^ or 

address lines A,rAi3 are turned on, the output c^^ dischargis through the effecth^e output 

: 15 : iiesBtai^ce; € 

the bleed res^ 166, at a rate whicK^ W^^^ capsicttdh^^ 
and invi^^ly proiidilb^ 

Befejrrn^^ to Figure 18, /a yd^^^ discharge of the output capacitor (C,) 164 

(Figure, 11^), is theyertii^i p^^ 

20 output voltage (Vc) and the horizoiital axis of the response curve inditates time. At a time to the^regulated output 
voltage is in a stabilized, elevated state^ indicated by Vh, arid the pud-down transistor 174 (Figure 16) is turned on. 
At time t|, the traiisistdr 174 is turned off, thereby increasing the effectnre feedback resistarice^R to its original 
value df Rg 170. This proportionally increases the feed which ih tiirn indicates to the switching 

power supply 80 that the regulated output voltage V^ is too high. At this point, the switching power supply 80 is 

25 not providing a pulse square wave output signal to the inductor (L^) 104 and capacitor (Cf) 164 (Figure 1 6) and the 
switching power supply b efifectiveiy kmed of^^ 

From t, to tj* the output capacitor (C,) 164 discharges at a rate which is inversely proportional to the 
resistance at the output of the switching power supply 80. The voltage decey resulting from, the discharge of the 
output capacitor (C,) 164 when HQ ink jets are heing fired, and no poweror address lines are turned on, is indicated 

30. by: the response curve 400. As .discussed above, when no ink jets 192 are being fired, and no address or power 
lines are turned on, the effective output resistance df the switching power supply 80 is equal Id (R,) 166, coupled 
in parallel with the sum df the series resistors (Rj) 168 and (R^ 173. However, for purposes of the following 
discussion, we will treat the effective output resistance as being essentially equal to the bleed resistor 166. This 
approximation does not change the analysis provided below. The time required for the output capacitor (C^ 164 to 

35 discharge through the bleed resistor (R,) 166, such that the regulated output vohage (Vc) decreases from (Vh) to 
(Vreg)« is illustrated as r - tj * t,. r is referred to herein as the reference discharge time period. 
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By measuring the reference discharge time period r required for the output voltage (Vc) to decrease from 
a value of Vn to Vi^e, a reference value which is inversely prdpomoni^l to the a the 
output of the swhdhihg power suppfy 80 is obtairted. Thfe output reference current (Ir^) indicates the amount of 
current pulled from the switching power supply 80 when no ink jets 192 are being fired, Le , all power fines P,-P8 
and aD address lines A,^A,3 are turned off. This raference discharge period is measured from the point when the 
puD-dowh transistor 174 (Rg. 16) has been ttiiiied back off at tim t|/after the output voltage Vc has stabilized at 
its new higher value V„, until the point in tln» when the switching power supply resumes switching, Le., outputting 
a pulse waveform, at time t,. A sensor 180 cbupied to the outpirt of the switching ppvyer suppiy 80 detects the 
P"!^^ waveform output (Vput) of the svtfltching power supply 80 at tane t, and racprds the time of detection. The 
sensor 180 may bp any one of numerous circuits ^w^ are capable of detecting a pulse waveform and; which ere 
well-knpwn in the art. 

- -Similar to^he method 0^^ 

may be obtained for each pf the foto^ 

8n addr^ Ine AirA,3 is |tarn?d pn; : and (31 yirheri a jej Is turned ion fi e., it^; cqrre|5ppndi^^ line and address 
IS line Is simuji measured for 

^^^"^ P^^^^^ For 

example by turning oh each poW^r line P^-P^^^^^^ 

P^ Ahe power iine$ P^Pi may 1^^ Thus, eSch efe^ 

individually tested. 

20 ^ As discussed above, in order to fire an ink jet 190, a corresponding power fine and addresi^^H^^^^^ 

simultaneously on to create a closed circuit which is electrically coupled between the output of the switching power 
supply 80 and electrical ground. Only then does the switching power supply 80 provide the desired voltage and 
current across the respective ink jet to be fifed. Therefore, when a power line is turned on without turning dh any 
address One, ideally, there should not be a closed circuit coupled to the output of the switching power supply 80 

25 and, consequently, there should be no additional current draw from the capacitor (G,) 164. By succ^avely 

on each power line, one at a time, with the turning off of the pull-down transistor 174 at time t„ it can 
be determined whether a power line, by itself, is drawing additional currentfrom the power supply 80 when it is 
turned on. Since there should be no additipnal current dravy from a single power ^1^^ no address lines are 
simultaneously on, the test discharge period r,^ should be equal to the reference discharge period r. However, if 

30 the test discharge period r,«, is measured to be substantiaOy shorter than the reference discharge period r, this 
necessarily indicates that additional current is being dravvn by the tiirhirig oh of that respective power line. As 
shown in Figure 18, If the test voltage riwpPnse curve 402 fate to in an amount of time indicated by r^^ which 
is substantially shorter than r, the respecthre power fine is determined to have a short circuit and/or an undesired 
closed circuit to electrical ground associated with that power line, in one embodiment, if the test discharge period 

35 r,^ is less than 30% of the reference discharge permd r, the respective power line is determined to be defectWe, 
or nonfunctional 
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In the circuit iOustrated Figure 16, the turning on of a power line may be accomplished by providing a 
voltage piilse to the corresponding ItfPN transistor 190 for that power 1^ Iri one embodiment^ 
on a respectwe power line during testih^^ power line has a duty cyde which is 16 times that of a pulse which 
is used to turn on the power line during actual firing of an ink jet during normal operation of the ink jet printer 54 
5 (Fig. 1). As explained in further detail below, the l/16th duty cycle of the fire an 

irtk jet i 9? whM compared to tW ^ieit* pujse which is used during tiestihjg of the p dwer line, must be compensated 
for by dividing any mi^asured current dra Wn by a power line during testing by a factor of 16. The increase in duty 
cycle of the ten pulse ^^^^ output capacrtar (Gi) 164' to discharge by an amount 

propdrtidnal to dV during testing of the power fines. Additionally, the increased duty^ more accurate 

10 measurement of the char^^^^ 

After ail the power lines P,-Pb have been tested, each address line A^A^a can be tested one at a time in 
a similar fiashibh to the teisting of each powiBr fine Pi-Pg as described abbve. The pro^duri f or testing an address 
line may be identical to the procedure for testing a power line and, therefore, need not be repeated he 
From Equation 1 above, we know that the average current pulled frorn the swhchirig power sup^ 
15 by the equation Ij^j " C x ldV/dT)* where C is the output capacitance value of the capbcitor (C,) 164, dV is a 
ch$nge in voltage of the^ regulated dc q^^ the capacitor T64 d^ and dT is the time 

measured for the vdhage change; to occur. From this equation, we see thit; the; c^^^ output 
capachof (C,) 164^^^^^ 

. ; : as; the;^ . 
20 discharge peKtod in mind, it is pdssiblie to calctilate the average Wreht d^^^^^ 
the time period required for the yoltagj& acro^ 

By cdhductihg a nodal analysis at the output of thd switchihiB p^^ 
equaitibn is bbta^^^ 

25 where Itfit., is the total amount of current drawn from the output capacitor (C,) 164 when an ink jet is fired, Ije, is 
the amount of current drawn by only a single ink jet when it is fired, Ip is the arhbunt of current drawn by only a 
single power line when it is turned on (note that a properly functioning power line should draw negligible current), 
I, is the amount of current drawn by only a single address line when it is turned on (note that a properly functioning 
address line should draw negrigible current), and 1^, is the amount of current that is drawn by the lileed" resistor 

30 (R,) 166. 

By rewriting the above equation in terms of discharge periods which are inversely proportional to their 
respective currents, the following equation is obtained: 
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i-=-i'.+ i- + -i-'-H 1 •••• ' 



m a a 



where J„ is equal to the measured discharge period when a sing^^^^ is fired, J, rapresents the discharge period 
^^^^ ^ *"'^**^^*''Y P'^P^ single Ink jet when it is fired, P, represents 

the discharge period which is inversely proportional to the actual current drawn by only a single power Kno when 
it is turned on, A« represents the ^d^^ is inyerseiy proportional tq t|ie actual current drawn by only 

5 a single address line when it j$ turned on, and r w equa^^^ 

proportional to the amount of mirreiitdray^ : 

BetaMSe the bleed resistor any measured 

- values of currehtdrawn by firingH fimg ah irik Jet; must 

take into consideration thia cbiitlifiiuQuli^ VQtli this in mind^ Wo obtain the 

10 following equation 

address %ie : 'is.= t limed.- 



1 1^1 



Tn a 



where A„ represents the measured discharge period required for the capacitance voltage to change by an amount 
dV when only a single address line is turned bri/^N 
15 164 through the bleed resistor (R1) 166 is represented by 1/r. From Equation 6, we can obtain the actual current 
dravyn by the address line as follows: 



— = — - - (7) 

<i iw 



Similarly, the measured current drawn when only a single power line is turned on is represented by the 
following equation: 



m a 
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where P„ is the measured cTischarge period for the capacitancav^ 

a iinjgli6 ipbv#^^ to 
the fact that during the test mode. 

Vt^^ is; tuff ^ a diirajim on 

when firing an inic jet durjng normal operation of the ink jet printer^ \n «ther words, during actual operation of the 
ink jet printer, an ink jet is fired by "pulsing"" the power line at a duty cycle which is 1/1 6th of the duty cycle of 
the power line during testing of the printhead. From the above equation, we can obtain an equation which represents 
the 



'^pm---;- ^ 



(9) 



10 i 

Jl=_L-JL-J_-1 

a til a a 



4 ^ 16t 16P^ 

; : a HI m m 



^- • at^dyii, J„ eiqiJd 

15 that its- Vjblt^^ r represents tho amount 

time dt; required f the voltage cspacha^^^ dV. when no elements of the 

pnnthead canridge are capacitor to discharge by an 

..amottht;:equal:td:dV.:w single p.bwerJi^ 

for the -caiiacitiBhtie to discharge by ah amoiiht equal t6 dV when bhiy a^ s fine is turned 6m By 

20 measuring es^c^ these values ihdividiiiailly, a valu^^ may be^b^^ cliscussed above, 1}J^ is directly 

proportional to the actual amount of current which is drawn from the sw'rtching power supply by only a single ink 
jet when that ink jet is fired, not including any current drawn by the bleed resistor 166, nor any defective address 
or power lines. By obtaining the actual amount of current pulled by only a single ink jet, a determination may be 
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made as to whether that ink jet l|5^ e,g^ its drpiiejectwn rw^^ 

pdwK fine or address line for t^^ 

■ P"*' invention provides a method and system in which the actual current drawn from the output 
"P'l'^'i lf''.'- » ''"B's nik jet is fired (assuming that its corresponding power fines and address lines are 

5 In proper working condition) may be provkied by Additkinally, the amount of current drawn from output 

J^?^?«!?ft?':<CiVM 

drawn from the outpiitcapawt^^^^ 

After these values are gbttiiwiit th^^^^ 

they p within ^hpift th^^ jf jl,^ 

10 provided by an LCQ screen whieb is typically found on most ink jet printers today indicating either a failed power 

line, a faifed address line, or a failed ink jet, as desired by tha designer and/or manufac«irer of the ink jet printer. 
- By obtaining these vakies. a can be determined whether an mk jet printhead has »;5;lefective power fine/or a 

defective address line, ar whether the ink jet nozzle itself is defective. The comparison of the values J„ P, and A, 

to the threshold values or ranges may be accoropfished by any circuit whicli is weU-known in the electronics arts. 
.15 A significant advantage of the method and system of the invention is that unlike prior art methods and 

systems no series current sensing ekiment fte., resistor), is used. Instead, the method and system of the invention 

measures the time it takes for capacitors supplying power to the ink jet cartridges to discharge by a small amount. 

In one embodiment, measurement sequence is as follows: 

1. Conwnand the output voltage of the switching power suppfy to shift up by dV and anew it to reach 
20 the new value. The may be accompfished by turning on the pull-down transistor 174 (Fig. 16) as described above. 

2. Activate Cffcuitry toi^^ test) ot doiot activateaS^S 
: referiente discharge period r : ; ; ; . : 

3- Command the output voltage of the switch'mg power supply to shift down and start the time 

measurement. This may be accompfished by turning off the pull-down transistor 174, as described above. The 

25 switching power supply win not start switching until the output voltage drops to the commanded value. 

^''6'' the switching power supply resumes switching, record the time measurement. This will be 

■ •''''^•'"0* P^™'' which is inversely proportional to the amount of current discharged from the output 
capacitor C, 164. 

This: technique can be used to measure the quiescent state fi.e.. when no elements are activated), test the 
30 pmhead cahridge address fines, test the printhead cartridge power lines, test each ink jet in the test prirthead 
B^^^^ of these. The measurement of the quiescent 

'. '"^"'"P''^ meaiMrihg tlie^in^ and b usetf as a reference point to calibrate the 

other measurements. 

In one embodiments the above-described measurements are conducted for each address line and rach power 
35 fine, and each ink jet at the startup of the ink jet primer operatnn. For example, each power fine P,-P, Is 
successively turned on in order to measure the value of the discharge period P„ for each respective power fine. 
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$iniiil2iirly, each address |^ is successively turned on in order to measure the, clischarge period An,, for fiach 

::: i^^ 

discha rg^ iie for each individual iiik jist m^^ cartndge. By trtitaihih j values for ^ ch 

pb Wer Rhe^ eadt: address line, each ink jet, and the nieasured refkence diisicharge periddr We can obtain the values 
5 for /ti^ Pj a^^^ d^cribed abbvei Based 0^ A,; the methtid and: system of the 

pres!Bi|it inyeiiiilb^ is capable of di^tiriguisliW^ iatWM power liriiEli i f ailed^ address line;; or a f atlieid iiik jet 

for exarnple; Af ter a djafectiye; or f a^ 
. : actions may thm be taken to repair^ replace, or compensate for t^^^ 

As described above, a method and system is provided having significant advantages and features over the 
10 . prior art. In accordance with the invention, if one or more ink jets in a jet group is detected as being nonfunctional 
the one or more nonfunctional jets may be compensated for by the remaining jets in a failed jet's respectWe jet 
group. This is accompGshed by assigning replacement jet masks to the remaining factional jets within each jet 
group having: one or rnore iionfunctional jets such that the remaining functi^ 
witiu^^^^ 
15 -oj^j^ 

fSr^ rtietKbd iii iiediiice or 

7 «l»Mn^iBvi^ 

jipiiiiaintallTfc^ adjiabeni jeit$:irb n^^^ 

f uni^ibniii;^ taittie^i^al^^ 
20 jer^roup is 1^ 

: ad]ajc»Bnc|es a^ . ... . . . 

^ m^^ 

25 prihthead ipyiet 

then aliioy^ P8?|bybii; th^ medium. Prior to thb^r^ thiB Jet 

V ;tQ;|rint zbp|:2^:j|ra v f def bptlye or norif uiictid^ isf detected diinhgJfK middle 

of a priiitirig: i^^ mask to the irepia^^ jet group: masked; 

....... .:a(:tiieved.... 

30 : . ;; ; F|nany« as described abo^^^^^ method arid; i^^^ - 

which the curreiit reij^ fire ah ihk^t is hot ifiea^^^ vbrtage drop acrbss a series; rbsii^^^^^ 

but rather, by measuring the discharge rate of an output capacitor cohnected to an output of a switching power 
supply as one or more mk jets of the ink jet printer are fired. This eliminates the need for series resistors which 
dissipate heat and energy, take up space on the printhead carriages, and make the overall operation of the printhead 
35 carriage less efficient and Its manufacture more costly. Additionally, by measuring the discharge rate of the output 
capacitor aftetr an ink jet has been fired, or after a power line to the ink jet has been turnjed on, or after an address 
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line to the ink jet has been turned on, and comparing these test discharge rates with a reference discharge rate, the 
invention provides a way to determine if there is a defective inic jet, a defective power line, or a defective address 
line, for example, and to also distinguish between these types of faSures. 

The invention may be embodied in other specific forms without departing from its spirit or essential 
characteristics. The described embodiments are to be considered in all respectonly as illustrative and not restrictive. 
The scope of the 'mventfon is, therefore, indicated by the appended claims, rather than by the foregoing description. 
All changes whteh coma within the meaning and range of equivalency of tiu» claims are to be embraced within their 
scope. 
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WHftl^ IS CLAIMED IS: 



a processor, coupled to a host computer^ wKiCh receives print data and commands from the ho$t t^m^ 
5 a memory, coupled to the processor, wMdi stores at least one print mask and at least one replacement 

print mask; 

>| l^int 1^ tif coit, coupliiiil to tfe prdc^^^ the 
operation of the printhead; and 

wherein the printtiead includes e plurality of iiik jets, each ink jet being assigned to print respective d ots 
10 on a respective raster line of a recording medium in accordance with the at least one print mask stored within the 
memory, wherein when an ink jet is detected as being defecfn^e, at least a portion of said print mask is replaced 
with the replacement print mask afso stored in the memory such that one or more of |^e remaining infe jets of the 
plurality of inic jets compensates for thd defective ink [et. 

-15 Z The ink jet printer of Clavn 1 wherein: 

said printhead includes a plurality of print zones and a plurality of ink jets in each print zone, each ink jet 
being assigned to print tespectwe dots on a respective raster line of 

^^^^^^^^^ ;J^^ 

|ia1d iprjitt^ a ri^ plurality 

/:j::;ihj|:ji|^^ 

ii^i^ rc^iibmih^ wKicK lejilace^^t^^ 

mask for ii jet having one or mdre riidhfuhttii^^ r^pliicemein:p gi^o^^ 

allocates the printing of dots to the remaining functional m of the jet group having one or more nonfiinctidn 
25 Ink jets sd^ a^^^^^^^ 



3. An iiilk'jet priiner; comprising; r ink jetv each Ink jet being assigned 

to print nsi$p?ctjve dots on a respective raster line 6 recording medium in iccordance with a print inaski wherein 
wh^n an ink jet is detected 

30 print iiia^ ' such ;thiB^ brie or rhore of the iremia jhin^ ink jets of the plurality of : iiik jets compiehsates for the - defective 



4. the pr'^ter of Claim: 3 wherei^^ 
said printhead comprises a plurality of print zones; and — 
35 said plurality of ink jets comprises a plurality of jet groups, each jet group having at least one ink jet 

corresponding to each print zone, wherein each jet group is responsible for printing dots on a respective raster Tine 
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of a recording medium^ and vyhisrciin whan; in: ink in a j$t group is non-functional, the remani 



5;. .. /Th6-printer::of::Claini.-3^^^^^ -v • 

5 said print mask coniiimes a phir^^ 

one of s^i4 plMraljty^Q^^ 

tti a respective ink jet in a respective jet group; and 

said repliabi^n^^ 
for a jet group ha Wng. ohK: !^^^ 
■'tO:: /■■^-;flrinting:;ofv^lqti;|^^ 

as to compensate for the one tir more non-functional ink jiets* 

6. The printer of Claim 5 wherein said replacement jet group mask comprises, a plurality of 
replacement jet mesk^ 
15 haying erne or r^^ 

of dots |o the ^(t^ijn^ 

functional ink jets in that jet group. 



20 



25 



30 



35 



^^^ j^ pnnf er of wrti^ij an^ i 

during a printing process, the replacement jet masks assigned to the remaining f iinctjone^ in thiit ji^t group 

successively replace the originar jet masks of each resp^ 
pass of the prihthi^ad bve^ 
mask to the replacement jet group mask 

8, The printer of Claim 3 wherein a first subset af said plurality nf ink jets corresponds to a first 
jet group and a second subset of the plurality of ink jets corresponds to a second jet group; 

wherein ink jets belonging to the first jet group are aach assigned to print respect'n/e 
line of a recording med^^^ 
is detected as being 4e^ecthre,.t^ 
or ihbreof tharie^ 

and*" ■ ■ 

wherein irik jets belongihg to the second jef^^^^^^^ 
raster line of the recording medium in accordance with a second jet group ma an ink jet in the 

second jet group is detected as being defective, the second jet group mask is replaced by the replacement jet group 
mask such that one or more remaining ink jets in the second jet group compensates for the defective ink ^t in the 
second jet group. 
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8i The printer of Claim 8 wherein: 

said replacement jet group mask comprises a plurality of replacement jet masks, each replacement jet mask 
determining the printing configuration of a; ^^^^ 

wherein, when said first jet group is adjacent to said second jet group, the plurality of replacement jet 
5 masks are assigned to raspecfnre ink jets in the first and second jet groups so as to avoid the printing of verticaOy 
adjacent dots during a single pass of said printhead over the recording medium. 

10. The printer of Claim 9 wherein said plurality of replacement jet masks are sequentially numbered 
and assigned to respective remainmg functbnal ink jets of the 
10 the remaining functional ink jets such that ascending replacement jet mask numbers correlate with ascending print 
zone numbers; and 

when said first jet group is adjacent to said second jet group, the plurality y^f replacement jet masks are 
assigned to respective remaining fun^ional ink jets of the second jet group based on a rotation scheme such that 
the order of ass^nment of the plurality of replacement jet masks to respecthre functional ink jets in the second jet 
. 15 group is rotated when compared to the order of assignment of the plurality of replacement jet masks to respect hre 
functional ink jets in the first jet group so as to avoid the assignment: of identical replatement jet masks to adjacent 
ink jets in one print zone. 



11. A method of compensating for nonfuncttonal mV jets in an ink jet printer which includes a;: 
20 printhead having a plurality of ink jets, each ink jet benig assigned to prim respective dots on a respective raster 

line of a recording medium in accordance with a print mask, said method comprising the acts of : 

determining when one or more ink. jets are nonfunctkmal; and 

replacing at least a portion of the print mask with a 
remaining ink jets of the plurabty of ink jets compensates for the one or more nonfunctional mk jets. 

25 

12. The method of Claim 11, wherein said printhead comprises a plurality of print zones wherein only 
a portion of a raster Rne is printed in any one print zone^ said plurality of ink jets comprise a plurality of jet groups, 
each jet group having at least one ink jet corresponding to :each print zone, wherein each jet group is responsible 
for printing dots on a respecthre raster line of a recording mediunu sakl print mask comprising a plurality of jet group 

30 masks, each jet group mask corresponding to a respective one of said pluraGty of ^j^^ grbiips, each jet group iiiask 

having a plurality of jet masks, eadh jet mask cdf responding to a respecthre ink jet in a respecthre jet grbiip, and 

vi/tierein said act of replating at least a portion of said pri^^ 

when a jet group is determined to have one or more nonfunctional jets^ replacing the jet group mask for 

that jet group with a replacement jet group mask which allocates the printing of dots on a respective raster line to 
35 the remaining functional ink jets of that jet group so as to compensate for the one or more nonfunctional ink jets 

In that jet group. 
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13. The method of Claim 12 wherein said replacement jet group mask comprises a plurality of 
replacement jet masks, each replacement jet mask corresponding to a respective ink jet in a respective jet group 
having pne or more non functional ink jets, and wherein the plurality of replacement jiet m printing 
of dots to the remaining functional ink jets in the respective jet group so as to compensate for the nonfunctional 

S ink jets in that jet group^ and wherein said act of replacoig said jet group mask with a replacement jet group mask, 
comprises: 

when an ink jet in a jet group is detected as being non functional during a printing process, successively 
replacing the original jet masks of each respecthre ink fit in that jet group vwth the coirespondinfl replacement jet 
masks assigned to each respecfwa ink jet in that Jet group one print zone at a time, per pass of the printhead oyer 
10 the recording medium, so as to provide a gradual transition from the original jet^roup mask to the replacement jet 
group mask 

14. The method of Claim .1 1 wherein a first subset of said plurality of ink jets corresponds to a first 
jet group and a second subset of the pluraGty of ink jets corresponds to a second jet group, and wherein said act 

15 of replacing at least a portion of said print mask comprises: 

when an ink jet in the first jet group is detected as being defective, replacing a first jet group mask 
corresponding to the first jet group with a replacement jet group mask such that one or more of the remaining ink 
jets in the first jet group compensates for the defective ink jet in the first jet group; and 

when an ink jet in the second jet group is detected as being defective, replacing a second jet group mask 
20 corresponding to the second jet group with the replacement jet group mask such that one or more remaining ink jets 
in the second jet group compensates for the defective ink jet in the second |et group« 



15. The method of Claim 14 wherein said replacement jet group mask comprises a plurality of 
replacement jet masks, each replacement jet mask determining the printing configuration of a designated ink jet, and 

25 wherein the method further comprises, when both the first and second jet groups have a nonfunctional ink jet, and 
when said first jet group is adjacent to said second jet group, assigning the plurality of replacement jet masks to 
respective ink jets in the first and second jet groups so as to avoid the printing of vertically adjacent dots d 
a single pass of said printhead over said recording medium. 

16. The iiiethod ol Claini 15 vvhe^^^ 
respecthi^elnk jets in the first and secdridv^^ oft ; 

designating each replacement jet mask of said plurality of 
assigning each replawment jet inask to respecth/e rem^ 
upon the print zonis numbers of the remaining furict^^^ in the first jet grbup siich that ascending 

replacement jet mask numbers correlate with ascending print zone numbers of the remaining functional ink jets in 
the first jet group; and 
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IS rotated^ w jQt masks to^ respective 

S funtfMdn^^^^ tte flm jet g^^^^ print 

correlation between the 

fepiaterti^^^^ liiuriiberi and print zorte h^ groups so asi to avoid the 

assignment of identical replacement jet masks to adjacent ink jets in one print zone* 

10 17* An ink ^t printer system for detecting a nonfunctional element in an ink jet printhead, cdmpHsing: 

: a switching power supply, coupled to the Inkjet printhead, for suppFying power to the printhead; 
an output capadtor, coupled to an output of the switching power supply, f ^ storing a dc voltage therein; 
a bleed resistor, coupled in parallel to the output capacitor, for discharging current from the output 
capacitor; 

15 an output shifting circuit, coupled to the switching power supply, for shifting the dc voltage level across 

the output capacKor between a low state and a high state; and 

a sensor, coupled to the output of the switching power supply, for detecting when the switching power 

1^ 

20 :vi4iy;d^^ 



a ydilup^^:^ fii^ resistor and a secQiiii resistor in sertes with the first 

resistor^ wheriG»M^^ cdylpled to said iputput capa^ at a first node and the second resistor 

25 : y ^ : 

^^^^^^ ■ :f^^ 

and 

, ; fl: piy® the pulkdoVvn switch is 

: turrijed j^^^ 

3D: is; turned (iff ^^^^^ the output: capi^ low state at 

a :iiBte 



19. The system of Clabh 17 wherein; 

said sensor measures said test current by measuring a test discharge period required for said output voltage 
35 to decrease from said high state to said low state as a result of said output capacitor discharging current through 
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said element which has been a ctryated, the test discharge jieriod being inversely proportional to the test current: and 
wherein 

safd sensor measures said reference current by measuring a reference discharge period required for the 
output voltage to diecrease fro high state te the low state as a result of the output capacitor discharging 
5 current through the bleed res jst reference discharge period being inversely proportional to the reference current. 

iO' Ilite $ystem of Claim 18 wherein said output capacitor is coupled to a plurafity of power lines of 
$aid printhea a plurality of ink jets, each ink jet corresponding to one of a plurality of power 

Dnes and one of a plurality of address fines of the printhead, and wherein, when an ink jet is desired to be tested, 
tp it$:coii^siM)ind|h0^(^^ line are simultaneously on, when a power line is desired to he tested, only 

that power fine Is turned on, and when an address line is desired to be tested, only that address line is turned on. 




21. An mk jet printer system for iletecting a nonfunctkinal element in an Ink jet printhead, comprising: 
means for supplying regulated power to the. printhead; 

1S capacitor nwans^ coupled to the means for supplying regulated power, for storing a dc voltage therein; 

means for dischargin(f current from the capacitor means; 

means for shifting the dc voltage level stored in the capacitor means between a hiw state and a high state; 
means for measuring a test current discharging from the capacitor means when an element of the printhead 
is activated; ^ni 

ZO niean^p^^ comparing the measured test current with a reference current which discharges from the 

capacitormeahs through only th^^ for discharging when no element of the printhead is actuated. 

22. The system of Claim 21 wherein said means for measuring a test currentcomprises sensor means 
for detecting when the means for supplying power is providing a predetermined output signaL 

■ 25- - - ■ ' ..: . ' ... ':i:JlS..Z ...LJU---.. . 

23. The system of Claon 2 1 wherein said means for shifting cornp rises: 
means for dividing said dc voltage leyel by a desired amount so as to prbyjcie a^ 

means for supplying power which Js representative^ o : 

means for adjusting the means for dividing such that said output voltage level is adjustable from Its low 

":30' .::stMeJtt:its::hp:stateva^^ 

24. The system of CliM 21 w^ 

said means for measuring saM test current includes m^^^ meaisuring a test disc^^^^^ 
for said dc voltage level to decrease from said high state to said bw state as a fesuh of ^s^^^ 
35 discharging current through an activated element, the test discharge period beihg inversely p^ 
current: and wherein 
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said means for measuring said reference current includes means for measuring a referenca discharge period 
required for the dc voltage level to decrease from the high state to tiie tow ^tate as a result of the capacitdr Meahs: 
discharging current through said discharging means, the reference discharge period heing inversely proportional to the 
reference, current . . 

,■••:-5::::^:.::^•;:;:: -.^^ . '''0'':\ ' 

25. A method of detecting a nonfunctional element in a printhead of an inic jet printer, comprisirig the 

acts of: 

supplying regulated power to the pilntheacf; 

storing the regulated power in a capacitor so as to provide a dc voltage across the capacitor; 
10 shifting the dc voltage level stored in the capacitor from a low state to a high state; 

allowing the capacitor to discharge sudi that the dc vohage across the capacitor decreases from the high 
state to the low state; 

measuring a reference current discharging from the capacitor through a bleed redstor^ when no elements 
of the printhead are acth^ated; 

15 measuring a test current discharging from the capacitor when an element of the printhead is actuated; and 

comparing the measured test current with the reference current. 

26. The method of Ciarm; 25: wh 

a switching power supply is providing an output signal to charge said capacitor, the capacitor being coupled to the 
20 output of the switching power supply. 



:27. The method of Claim 26 wherein said act of shiftmg the dc voltage level comprises: 

dividing said dc output voltage ievef by a desired amount so as to provide a feedback voltage ftt said 
switchtag power supply which is representati^^^^^^ 
25 adjusting the feedback voltage level such that said dc vohage level is adjusted from its low state to its 

high state; 

said act of meesuring said; test t;M test discharge period: req^ dc 

yoltagc lever to decrease froim sa^^^^ 

througli an a£tivaifed e^^ the test curreii^^ 

said act of masurihg said ref eren^^^^ current cbmpnses nieaisurihg a i^ef erehiiiei discharge period required 
for the dc voltage level to decrease from the high state to the low state as a result of the capacitor discharging 
current through said bleed resistor, the reference discharge period being.inversely proportional to the reference 
current 
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29. An ink jei printiBr^^ 
ihe necessity dl adding ^ sep^^^ 

system comprising^ 

first means for supplp^ 
5 sewndineans for storm 

so as to provide a do voltage; 

tMrd inean$ cpuplid to 
into a circuh liavins a fixed reference resistance; and 

M: - v:-';i*riod,:;wft^;;i^ 

said element of said prlmhoad^irtritti a raferance disdiarge period wliich corresponds io the time required 
to discharge at least a portion of said stored charge into said circuit having affixed referenco resistance. ~ 

^ ■ : 
15 the? necessi^ 

■n^asgii^^ qf 

said pr^ritha^d ^ properiy 

.'. .Jir?t:ipeanf fo^ 

second^in^afls^^!^^ 

20 including said Ink jet printtmad and 

predetermined discharge period 

are activated 
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